Foxi C., Contini C., Delrio G. -Contribution to the knowledge of biting midges (Diptera Ceratopogonidae) of Sardinia, Italy.
INTRODUCTION
Biting midges are small nematoceran dipterans belonging to the Ceratopogonidae family. They are closely related to chironomids and are separated from the latter for the different morphology and biology of adults and for the morphology of the immature stages. The Ceratopogonidae family is divided in 4 subfamilies: Ceratopogoninae, Dasyheleinae, Forcipomyiinae and Leptoconopinae. Over 6,000 species and 110 genera are known worldwide. The most diverse genus is Culicoides with over 1,300 species, followed by Forcipomyia with 1,150 species (BORKENT, 2014) .
Ceratopogonidae larvae are present in many aquatic and semiaquatic habitats and, depending on the species, are phytophagous, saprophagous or zoophagous. Adult males are nectariphagous, while the feeding habits of the females change according to the species. Only the females of Leptoconops, Culicoides and those belonging to the subgenus Lasiohelea of the genus Forcipomyia are haematophagous, biting mainly mammals and birds. Some species of these genera are troublesome pests for humans. The more studied genus is Culicoides, which includes vectors of several arboviruses of veterinary importance such as Bluetongue Virus, Schmallenberg Virus, African Horse Sickness Virus and Bovine Ephemeral Fever Virus. BOORMAN et al. (1995) in his review of the ceratopogonids checklist of Italy, reported the presence of 99 species of 13 genera. However, 13 species were of uncertain presence and 19 required their regional distribution to be specified. The most diverse genus is Culicoides, with 57 species, followed by Dasyhelea with 10 species, Forcipomyia (6), Leptoconops, Atrichopogon and Palpomyia (5), Bezzia (3), Alluaudomyia and Sphaeromias (2) and Serromyia, Stilobezzia, Mallochohelea and Probezzia (1). More recently, SZADZIEWSKI et al. (2017) , taxonomic specialists of the European Fauna Database, reported 106 species and 12 genera for the Ceratopogonidae Italian fauna.
In Italy, very few surveys were carried out about ceratopogonids, most of which regarding the genus Culicoides, in particular those proven and potential vectors of Bluetongue virus, and Leptoconops. In Sardinia, only Culicoides circumscriptus (COLUZZI and KREMER, 1964) was reported until 2000, when the first epidemics of Bluetongue occurred. Subsequent studies updated the checklist of Culicoides reported in Sardinia to 45 species (DELRIO et al., 2002; PILI et al., 2002; DELRIO, 2010, FOXI et al., 2011) . PILI et al. (2002) , in a study carried out in southern Sardinia, reported the presence of 15 genera, but identified only Culicoides to the species level. Therefore, no species of the Ceratopogonidae genera, except for Culicoides, is reported at present.
The main aim of the present study is to collect new data and update the Ceratopogonidae fauna in Sardinia.
MATERIALS AND METHODS

STUDY AREA
The survey was carried out in north-western Sardinia in the province of Sassari, in two areas named Meilogu and Goceano (Fig. I) . The former is hilly-mountainous with peaks over 1,200 m. The municipalities involved in the research were: Anela (40°26' N -9°03′ E, 446 m slm), Bono (40°24′ N -9°01′ E, 540 m slm) and Burgos (40°23′ N -8°59′ E, 561 m slm). The second area has a hilly territory. The three municipalities where the study was conducted are Bonorva (40°25′N -8°46′E, 508 m slm), Thiesi (40°31′ N -8°42′ E, 461 m slm) and Torralba (40°31′ N -8°46′ E, 435 m slm).
CERATOPOGONID SAMPLING
Adults of ceratopogonids were sampled using a miniature CDC black-light trap (G.Z. International, Migliarino, Ferrara, Italy) fitted with a blacklight tube (Philips TL 4W/08) and a C. FOXI ET AL. REDIA, Vol. 101, 2018 down-draught suction motor. A 12 V battery was used in the absence of 220 V mains power supply. The CDC black-light trap is light and can be powered by a battery pack, making it very manageable to deploy in remote areas. This trap was preferred to the Ondersterpoort black-light trap much more effective at collecting Culicoides. Black-light traps were set outdoors and operated during the night from dusk until morning.
Sampling was carried out from 15 June to 15 August 2015. The selected sampling sites were mostly farms, animal shelters (sheep and cattle) and orchards close to the towns. Adult ceratopogonids were captured in 36 sampling nights: 7 in Anela, 5 in Bono and 6 in Burgos (Meilogu area), 5 in Bonorva, 5 in Thiesi and 8 in Torralba (Goceano area).
In the laboratory, specimens of biting midges were separated from other insects and preserved in 2% formalin. Ceratopogonids were identified at the genus level with the keys proposed by BOORMAN & ROWLAND (1988) and WIRTH & GROGAN (1988) . Subsequently, for a more accurate diagnosis, specimens difficult to classify were mounted on slides in phenol-balsam according to the method of BOORMAN & ROWLAND (1988) and observed under a microscope. The species of Culicoides were identified using the keys proposed by KREMER (1965) and DELECOLLE (1985) , whereas several keys were used to identify other ceratopogonid species (HAVELKA 1976 , 1977 , CLASTRIER 1978 , SZADZIEWSKI 1992 , GHONAIM et al. 2001 
DISCUSSION
Excluding the genus Culicoides, this survey represent the first study aiming to investigate the species composition of Ceratopogonidae family in Sardinia. An important finding of this survey is the large number of genera found, eight of the 12 reported in Italy. Although the black light trap is the most attractive tool to catch adults of Culicoides, both in terms of numbers and species, this type of trap seems to be useful to collect other adult ceratopogonids with nocturnal and/or crepuscular activity. In a similar study on the diversity of Ceratopogonidae family conducted in Spain, GONZALEZ et al. (2014) found 15 genera and the Culicoides genus represented up to 99% of the total biting midges captured.
With regard to the two new Forcipomyia spp. recovered during this study, F. bipunctata is certainly the most widespread species, being reported in many European countries including Germany, France, Britain, Spain, Portugal, Switzerland, the Netherlands, whereas F. psilonota has been reported in Spain, Andorra, Canary Island and Azores (SZADZIEWSKI et al., 2017) . BOORMAN et al. (1995) reported 10 species of the genus Dasyhelea in Italy, with their distribution needing to be specified. SANNINO & ESPINOSA (2004) The genus Culicoides is a well-known group of Diptera including species of medical and veterinary importance. The females are haematophagous and some Culicoides are important vectors of viruses, protozoa and filariae that cause major diseases in mammals such as sheep, cattle and horses and even humans (BRAVERMAN and GALUN, 1973) . The Italian checklist of Culicoides reported 57 species (BOORMAN et al., 1995) and has been recently updated to 66 following the studies of DELRIO (2010) and FOXI et al. (2011) in Sardinia. The three species recovered in this study bring the number of Culicoides species in the Italian and Sardinian fauna to a total of 69 and 48, respectively.
The genus Alluaudomyia and Brachypogon are poorly known. The first genus is present in Italy with three species: A. bertrandi Harant & Cellier 1949 , A. hygropetrica Vaillant 1954 and A. meridiana Clastrier 1978 (SZADZIEWSKI et al., 2017 ; the latter species is the only one found during our observations. None species belonging to the Brachypogon genus is reported in Italy. PILI et al. (2002) reported the presence of this genus in Sardinia without specifying the species. The lack of adequate identification keys makes the determination impossible at the species level.
The Italian fauna reports only one species of Stilobezzia: S. flavirostris (Winnertz) 1852. The species found during this survey (S. sahariensis), a species from North Africa, is reported for the first time in Europe. In Italy, the genus Bezzia is represented by four species. During our observations, we recovered two species, one of which, B. pygmaea, new for Italy.
This study represents a first significant contribution to the knowledge of Ceratopogonidae in Sardinia. Despite the biting midges were collected only during a short period in summer and using only a kind of trap, the number of specimens (3,879) and species (40) 
